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Useful links:

* References, where the method was exhaustively
described: http://uspex.stonybrook.edu/uspex.html

e USPEX manual:

o HTML: http://han.ess.sunysb.edu/uspex manual/

o PDF: http://han.ess.sunysb.edu/uspex manual/uspex manual.pdf

e USPEX utilities: http://han.ess.sunysb.edu/
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How to start your calculations

1. Prepare INPUT.txt file.

2. Prepare filesin Specific/ directory (for VASP:
NCAR_1,...,INCAR_N, POSCAR_A, POSCAR_B,
etc.)

3. If necessary, prepare additional files, which are
described in the manual.

4. Start calculation: USPEX -r
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Connection information:

* ssh USPEXBNL@gsh.ess.sunysb.edu

Password: ******** (nlegse enter the password
correctly, otherwise we will be blocked)

e cd ~/workshop

 mkdir <your userid on nano.bnl.gov>
e cd <your userid on nano.bnl.gov>

« USPEX -h
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Examples for today:

Bulk Mg,Al;O,, (fixed composition, calculationType=300, GULP)

Bulk Si-C (variable composition, calculationType=301, VASP)

O, @ Si (100) (fixed composition, calculationType=200, VASP)

* C,3 nanoparticles (fixed composition, calculationType=000, VASP)
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Examples file system

~/examples/

examplel_GULP_300/ example2_VASP 301/ example3_VASP_200/ | | example4_VASP_000/

Specific/ Specific/ Specific/ Specific/

INPUT.txt INPUT.txt INPUT.txt INPUT.txt

USPEX_GULP_300.job USPEX_VASP 301.job POSCAR_SUBSTRATE uspex_VASP_000.sh
uspex_VASP_200.sh

reference/

reference_long/ reference/ reference/ reference/
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Examples for today:

Bulk Mg,Al;,O,, (fixed composition, calculationType=300, GULP)

Bulk Si-C (variable composition, calculationType=301, VASP)

O, @ Si (100) (fixed composition, calculationType=200, VASP)

* C,3 nanoparticles (fixed composition, calculationType=000, VASP)

q\\\‘ Stony Brook University %’-b;’.



Bulk Mg,Al;,O, . (examplel_GULP_300)

MgAl, O, (28 atoms/cell) at 100 GPa pressure.
Variable-cell calculation using Buckingham
potentials, GULP code. This test has direct bearing
on the physics of the Earth's interior!
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Bulk Mg,Al;,O,. (examplel_GULP_300)
INPUT.txt:

"_ R R R R R R R R R R R R R R R R R R R R R R R R R R R RO R R R R R R R R D'Uarl.[lbl( calculation’[‘ype
2 & TYEE OF RUN AND SYSTEM & ‘anmg:' Specifies t..\'p'c of (:alculat’lon. z.('..v'»vhc‘t:h(’r the s'tructuro of a b.ulk (‘rystal,
nanoparticle, or surface is to be predicted. This variable consists of three indices: dimen-
= R R R R R R R R N . % . ags N ps
= sionality, molecularity, and compositional variability:
4 TUTSPEX : calculationMethod (U WVCHEE, METL)
- - . e dimensionality:
5 300 : calculationType4fdimension: 0-3; molecule: 0/1; :
& 1 : optType (l=enthalpy, 2Z=volume, 3I=hardness, 4=strn 3" — bulk crystals
o “2" — surfaces, “-2” 2D-crystals
& % symmetries 1% —polymen
g 2_213n “0 nanoparticles
10 % endSymmetries ¢ molecularity:
& variable optType “0” — non-molecular
12 % atomType Meaning: This variable allows you to specify the qus “1” — molecular calculations
13 Mg Al © Possible values (characters): e variability of chemical composition in the calculation:
14 % EnditomType N . “0" — fixed composition
- s enthalpy (or “1") — to find the stable phases - - —
15 “1 variable composition
168 % numSpecies ¢ volume (or “2") — volume minimization (to fir
’ Default: 300
17 4 8 16 @y T
¢ hardness (or “3") — hardness maximization (t Format:
18 % EndNumSpecies 6 g
A . . . : calculation e
10 e struc_order (or “4") — maximization of the degy P
T structure) Note: If calculationType=310, i.e., a prediction for a molecular erystal is to be performed,
20 % wvalences ’ then USPEX expects you to provide files MOL_1, MOL_2, ...with molecular geometries for all
21 2 3 2 o aver_dist (or ane '] maximization of average s| types of molecules, and these molecules will be placed in the newly generated structures as
L L ’ whole objects. Available options: 300, 301, 310, 000, 200, 201, ~200 (and not yet released: 110,
23 endValences ation 311.)
o ¢ diel_sus (or “6") maximization of the static dielectric susceptibility (only for
VASP and GULP)
¢ zap (or “7") — maximization of the band gap (only for VASP)
o diel_gap (or “8") maximization of electrical energy storage capacity (only for
VASP)
e mag_moment (or “9”) — maximization of the magnetization (only for VASP)
& quasientropy (or “107) maximization of structural quasientropy
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Bulk Mg,Al;,O, . (examplel_GULP_300)

INPUT.txt:

o R R R R R R R R R R R R R R R R R R R R R R O

2 TYPE OF RUN BND SYSTEM * h s
3 e el i{ ig
36 38
4 TWUSPEX : calculationMethod (USPEX, WV &, META) e & | b
51 51 | Puna 5 | Pham
5 300 : calculationType (dimen ni: 0-3; molecule: O0/1; wvarcomp: 0/1) i it @ | G
66 68 70 Fddd
& 1 : optType (l=enthal 2=volume, 3=hardness, 4=struc order, S=aver dist) I i Ol
. Al :
91 93 95
96 P 98 P4mm 100
- - 101 | Pdgem 102 | P4gnm 103 Pinc 105
g % symmetries w6 | pibe | o7 || sos] 1 I B
o 2230 & variable atomType
- 2 ds eri Meaning: Describes the identities of each tvpe of atom. ! 5 | Pia/ube
| t/mmm | 120 | 14/mem
o En yameLries Default: none, must specify explicitly Tty ol e
4L Format: b 5 | i
12 T atomT vpe If you prefer to use the atomic numbers from Mendeleev’s Periodic Table of the Elements,
specily
] C—
- Mg 21 © - % atomType
% EndhitonType 12 14 8

Possible space groups for crystals

10 Appendix: List of 230 space groups

168 % numSpecies

17 4 8 16

18 % EndNumSpecies
19

20 % walences

21 2 3 2

22 endValences
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% EndAtomType

Or, if you prefer to use atomic names, specify:

Tm-3m

% atomType
Mg 8i 0
% EndAtomType
You ecan alternatively speeify the full names of the elements, for example:

% atomType
Magnesium Silicon Oxygen
% EndAtomType

Number of atoms of each type

Valences of each type of atom
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Bulk Mg,Al;,O,. (examplel_GULP_300)
INPUT.txt:

R R R R R R R R R R R R R R R R R R R R R R R R R R R

R R R R R R R R R R R R R R R R R R R R

R AR R R R AR R

Q.
a.
a.
a.

% TonDistances
0.6 0.6 0.6

47 0.0 0.6 0.6 <
482 0.0 0.0 0.6

% EndDistances

R AR R R R AR R

POPULATION =

populationSize (how many individua

initialPopSize (how mar

numGenerations

generation)

= variable nunGenerations

Meaning: Maximum number of generations allowed for the simulation. The simulation
can terminate earlier, when the same best structure remains unchanged for stopCrit
generations.

Default: 100

ividuals in the first generation)
Mow many generations shall be calculated)

stopCrit Jmax number of generations with the same I

reopt0ld (should the old structores—ka—reoptimized]

bestFrac hat fraction of current generation =hall

= variable stopCrit
Meaning: The simulation is stopped if the best structure did not change for stopCrit
generations, or when numGenerations have expired — whichever happens first.

Default: total number of atoms for fixed-composition runs, maximum number of atoms
maxAt for variable-composition runs.

VARIATION OPEERATCRS

= variable bestFrac

Meaning: Fraction of the current generation that shall be used to produce the next

fracGene (fraction of generation produced by hexredd seneration
fracRand (fraction of generation produced randomly 2907
fracPerm (fraction of the generation produced by permutations)
frachitomsMut (fraction of the generation produced by softmutation)

R R R R R R R R R R R R R R R R R R R R R R R R R R R

COMNSTEAINTS =

FEE R AR R R R R

> variable ITonDistances

Meaning: Sets the minimum inter-atomic distance matrix between different atom types.

Default: half of the covalent radii sum (in A) for a corresponding atom pair.
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Bulk Mg,Al;,O, . (examplel_GULP_300)

&

o N s

INPUT.txt:

R A R A AR RN RR

VARIATICH CPERATCES *

R R R R R R R R R AR AR R R R R R AR &

20

: fracGene I(fractinn of generation produced by heredity)

LWL L L L

37 |0.
38 0.20
0.05
0.25

L

-

: fracRand (fraction of generation produced randomly from space groups specified by user)
: fracPerm (fraction of the generation produced by permutations)
: fracAtomsMut (fraction of the generation produced by softmutation)

%%% RV IR IRV Y W

\ T R RV
%%% T st —
"C?;*‘:l;"‘j; RV YRV IRV IRV

slice from parent #1 slice from parent #2

3 3 E
L *0 .aiz E

unoptimised offspring optimised offspring

'

Figure 1. Heredity operator: slices of two parent structures, and the
offspring structure before and after local optimization.

Picture from “Oganov A.R., Ma Y., Lyakhov A.O., Valle M., Gatti C. (2010). Evolutionary crystal structure prediction
as a method for the discovery of minerals and materials. Rev. Mineral. Geochem. 71, 271-298"
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Bulk Mg,Al;,O,. (examplel_GULP_300)
INPUT.txt:

R A R A AR RN RR

® VARIATICH CPERATCES *

=]

3E ARk R Rk de dode ok ke e de e e e e o e e e e de ke e ke e ke i e

37 0.50 : fracGene (fraction of generation produced by heredity)

38 0.20 : fracRand (fraction of generation produced randomly from space groups specified by user)
39 I0.0S : fracPern.hfraction of the generation produced by permutations)

40 0.25 : frachAtomsMut (fraction of the generation produced by softmutation)

= variable fracPerm
Meaning: Percentage of structures obtained by permutation; 0.1 means 10%, efc.

Default: 0.1 if there is more than one type of atom/molecule; 0 otherwise.

> 0 0 0 0 o 4

9 9. 90 0 0 O

> 9 0 9 9 O 1
00 00 00 00 00 00

parent structure pcrmututcd structure

Pictures from “Oganov A.R., Ma Y., Lyakhov A.O., Valle M., Gatti C. (2010). Evolutionary crystal structure prediction
as a method for the discovery of minerals and materials. Rev. Mineral. Geochem. 71, 271-298"
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Bulk Mg,Al;,O,. (examplel_GULP_300)

INPUT.txt:

E.Q R R R R R R R R R R R R R R R R R R R R R

S * VARIATICN CFERLTCORS ®

35 R o R o o o o R o o o o R o o o o R o o o R R R R R R R R R R R

37 0.50 : fracGene (fraction of generation produced by heredity)

38 0.20 : fracRand (fraction of generation produced randomly from space groups specified by user)
29 0.05 : fracPerm (fraction of the generation produced by permutations)

40 ID.25 H fracntomsHutI [fraction of the generation produced by softmutation)

> variable fracAtomsMut

t1on.

Default: 0.1

Meaning: Specifies the percentage of structures obtained by softmutation or coormuta-

AWt an v A Vs O B
\VA\VA\V‘\?A\V‘\V ;

PRSP RRRERE PR .
\vgnjvm\v‘wawg\v

h\Vﬂ.ﬁ\’*\Vb&\\\VAﬁ.
AR VRN VA AR Y ARNY,

o AP gl 5 0 AT gl

2

Picture from “Lyakhov A.O., Oganov A.R., Stokes H.T., Zhu Q. (2013). New developments in evolutionary structure
prediction algorithm USPEX. Comp. Phys. Comm. 184, 1172-1182"

‘\\\‘ Stony Brook University
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Bulk Mg,Al;,O, . (examplel_GULP_300)
In results1l/OUTPUT.txt you will notice:

> variable fracLatMut

Meaning: Percentage of structures obtained from lattice mutations; 0.1 means 10%, etc.

Default: 0 for fixed cell prediction; 0.1 otherwise.

The fittest 60 percent of the population used to produce next generation

‘\\\w Stony Brook University

fraction of generation produced by heredity 0.50

fraction of generation produced by random 0.20

fraction of generation produced by softmutation 0.25

fraction of generation produced by permutation 0.05

fraction of generation produced by latmutation 0.10

fraction of generation produced by rotmutation 0.00

fraction of generation produced by transmutation 0.00

—————————————————————————— Variation operators applied - ———————————————-

3 structures produced by heredity :
1 =structures produced by random mutgl?é;:ir:g]mre'
1l structures produced by softmutation
0 structures produced by permutation parent structure
0 structures produced by latmutation
1 structures kept as best from the previous generation
0 structures imported from the other USPEX Calculations
0 Seeds structures are added from Seeds/POSCRRS

11/07/2014 | Tutorial 8: Introduction to USPEX | Maksim Rakitin 15



Bulk Mg,Al;,O, . (examplel_GULP_300)

=

n
k

INPUT.txt:

52 = DETAILS OF AB INITIC CALCULATICHNS =
L L L L T e e e e e T e T T T T
S % abinitiolCode

85 3 3 3 <+

58 % ENDabinit

=8 % KEresolStart

5% 0.16 0.14 0.12

6C % FEresolend

6l

62 % commandExecutable
63 gulp < input > output
64 % EndExecutable

1> variable abinitioCode

Meaning: Defines the code used for every optimization step.
Default: 1 for every optimization step (VASP)

Format:

% abinitioCode
32211
% ENDabinit

Note: Numbers indicate the code used at each step of structure relaxation: 1 — VASP, 2

SIESTA, 3 GULP, 4 LAMMEPS, 5 Neural Networks code, 6 DMACRYS, 7
8 Quantum Espresso, 9 ASE. 10 ATK, 11 CASTEP.

CP2K,

> vartable KresolStart

Meaning: Specifies the reciprocal-space resolution for k-points generation (units: 2rA~1).

Default: from 0.2 to 0.08 linearly

65

66 1 : mumParallelCalcs (how many parallel calculations shall be performed)

a7 4] 1 WwhichCluster (0: no-job-script, local submission, 2: remote submission)
8 100 : ExternalPressure (GFa)

&89

J0 0 ! picklUp¥YN (if pickUp¥YH~=0, then a previous calculation will be picked up)

71 0 1 picklUpGen (at which generation shall the previous calculation be picked up)

T2 4] : pickUpFolder (number of the results folder to be used)

‘\\\‘ Stony Brook University
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Bulk Mg,Al;,O, . (examplel_GULP_300)

Run the example:
e cp—r ~/examples/examplel GULP 300/ .
* cd examplel GULP_ 300/
e bsub < USPEX GULP 300.job

Monitor log file, check if USPEX_IS_DONE file
appeared. Then cd to resultsl/ to view results.

Q\\\‘ Stony Brook University k;)%’Y



Bulk Mg,Al;,O, . (examplel_GULP_300)
Output files:

E_series.tif Energy vs_N.tif
BE[ BE[ 25
(=]
b T, . zaf . zaf ot "
15} " 15} " 15 @
o o
10+ 10F 0f
ta o v]
5 @
Y4 5 ] 2 s o
&
@
0 ot ]
@
-5 -5 & @
@
-0} —fof -0}
o @

o
—1F 1 1 1 ] —1F 1 1 1 1 | _1iK 1 1 | | 1 | | 1
iz -1 o 1 E ~m -1o 0 10 20 a0 0 E 4 6 & 10 12 14 1

E1 Ez Structure number
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Bulk Mg,Al;,O, . (examplel_GULP_300)

Energy vs_Volume.tif

s @

azft -

Enthalpr

zal .

Output files:
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|
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o
]
"y
(=)
-
]
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Variation-Operators.tif

a5 Heredity
anf - .
n
= o5} . Permut.
H =
w™ 20k
1 - HAotation
LL_;E: 15 " . ™
nar Atamhut.
ar 1
o ] 1 ] 1 1 1 1 ] ] 1 Latmut.
u] z 4 G & 10 12 14 16 18 20
Structure indes
1 T T T T T T T T T
c Heredity
2 osF Randori 1
| ——— Softmutation
7 o6k Fermutation ||
ﬁ . — Latmutation
&z Rotation
g 04 — Trammutation |
]
E 0.z
IC
o 1 1 ] ] 1 ] ] 1 ]
1 1.1 1.2 1.3 1.4 1.5 16 17 1.8 18 2
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Bulk Mg,Al;,O, . (examplel_GULP_300)
Output files:

Pressures_output.png

Fre=sures output
T

0]

GO0 - @
=]

£
=
T
E
14

ha
=
T

Enthalpy, etratom
. I}-
118

—emf

_—
_4|:|:| 1 1 1 1 1 1 1 1 1 ‘ﬁ-‘_
E5 E0 £ 70 75 &0 5 &0 o5 1m0 T 105
Volume, A%atom
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Bulk Mg,Al;,O, . (examplel_GULP_300)
Output files:

log — contains console output of USPEX

resultsl/generation*/ folders — contain results in *.mat files for the generations
results1/OUTPUT.txt — contains detailed information on each generation
results1/Parameters.txt = INPUT.txt

Individuals — summary file where you can find main results:

Gen ID Crigin Composition Enthalpy Volume Density Fitness EPOINTS SYMM Q entr A order 5 order
(=V) (&~3)  (gfcm™3)
1 1 Random 4 8 16 ] -238.872 89.138 10.601 -238.872 1 1 1 1 ©0.207 0©.887 1.782
1 2 Random 4 8 16 ] -356.2&87 100.939 9.362 —356.267 1 1 1 1 0.244 0.847 1.547
1 3 Random 4 8 1& ] 427,272 61.546 15.354 427,272 1 1 1 0.227 0.868 1.&45
1 4 Fandom 4 8 16 ] 47.898 T73.50%9 12.855 47.8%8 [ 1 1 1 1 ©.228 ©0.831 1.5%90
1 5 Random 4 8 16 ] —-53.740 79.057 11.953 -53.740 [ 1 1 1 1 ©0.221 ©0.807 1.577
2 & Heredity 4 8 1& ] 601.445 E7.609 16.403 £01.445 [ 1 1 1 1 0.226 0.774 1.504
2 7 Heredity 4 8 1& ] 362 .394 £3.374 14.811 362.394 [ 1 1 1 1 ©0.226 ©0.801 1.541
p 8 Heredity 4 8 16 ] 580.464 57.730 16.368 580.464 [ 1 1 1 1 ©.207 0.812 1.642

BESTIndividuals — gives this information for the best structures from each generation
gatheredPOSCARS — concatenated POSCAR files

gatheredPOSCARS_order — same as gatheredPOSCARS, but with order parameter
BESTgatheredPOSCARS — the same data for the best structure in each generation
BESTgatheredPOSCARS_order — same as BESTgatheredPOSCARS, but with order parameter

q\\\‘ Stony Brook University ';)’-L'Y



Bulk Mg,Al;,O, . (examplel_GULP_300)
Output files:

goodStructures — like Individuals, but ordered by descending of stability
goodStructures_POSCARS — concatenated POSCAR files ordered by descending of stability
enthalpies_complete.dat — gives the enthalpies for all structures in each stage of relaxation
non_optimized_structures — gives all structures produced before relaxation

origin — shows which structures originated from which parents and through which
variation operators
fitnessStatistics.pdf:

Number of structures

-600 —-400 -200 0 200 400 600 800
Fitness
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Bulk Mg,Al;,O, . (examplel_GULP_300)

View gatheredPOSCARS:

e cdresultsl/
* python ~/examples/split POSCARS.py

This will produce POSCAR _files/ folder with
splitted POSCAR files, which you can download on
your computer and visualize using VESTA, VMD,

etc.

Q\\\‘ Stony Brook University



Bulk Mg,Al;,O,. (examplel_GULP_300)
View gatheredPOSCARS (from reference _long/):

® . 0 ,
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Examples for today:

Bulk Mg,Al;O,, (fixed composition, calculationType=300, GULP)

Bulk Si-C (variable composition, calculationType=301, VASP)

O, @ Si (100) (fixed composition, calculationType=200, VASP)

* C,3 nanoparticles (fixed composition, calculationType=000, VASP)
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Bulk Si-C (example2_ VASP 301)

1 I% PARAMETERS EVOLUTICHARY ALGORITHM
2 nanoparticle, or surface is to be predicted. This variable consis
- USPEX : calculationMethod (USPE FE, META) sionality, molecularity, and compositional variability:
= : T I B,
2 301 ! calculationType mension: 0-3; molecule: O0/1; w e dimensionality:
&) 1 1 optType (l=enthalpy, Z2=volume, 3=hardness, 4=stru “3” — bulk crystals
& ¥2" — surfaces, “-2" — 2D-crystals
T % symmetries “1” — polymers
8 2-230 “0” — nanoparticles
= % endSymmetries e molecularity:
10 “()” — non-molecular
11 % atomType “1” — molecular calculations
12 51 C

1L % EndatomIvype

15 % numSpecies

1e 1 0

17 01

18 % EndiNumSpecies
15

20 valences

21 4 4

2 ¥ endValences

‘\\\‘ Stony Brook University

INPUT.txt:

- variable calculationType

“0" — fixed composition

“1” variable composition

Default: 300

Format:

Meaning: Specifies type of calculation, i.e., whether the structure of a bulk crystal,

e variability of chemical composition in the calculation:

s of three indices: dimen-

Notes: For variable-composition caleulations, yvou have to speecify the eompositional building
blocks as follows:

% numSpecies
203

011

% EndNumSpecies

This means that the first building block has formula A;Cj3 and the second building block has
formula BC, where A, B and C are described in the block atomType. All structures will then
have the formula rAzCs; + yBC with =, y = (0,1,2,...) or Asz.ByCazyy. If you want to do
prediction of all possible compositions in the A-B-C system, vou should specify:

% numSpecies
100

010

001

% EndNumSpecies

molecular erystal is to be performed,
... with molecular geometries for all
n the newly generated structures as
201, -200 (and not yet released: 110,
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Bulk Si-C (example2 VASP 301)
INPUT.txt:

2 ! minht < — & variable minAt

[T
P

maxht Meaning: Minimum number of atoms in the unit cell for the first generation.

Default: No default

0.6 : bestFrac

> variable maxAt

s L R

L L L L T L T L B ' T YL R L B L I )

0.40 : fracGene (fractiom of generation produced by heredity) Meaning: Maximum number of atoms in the unit cell for the first generation.
5 0.20 : fracRand (fraction of generation produced randomly from space groups) Default: No default
a6 Q.20 Irachoom=Mut (fraction of the generation produced by softmutation)
7 IO 20 fracTrans
- L] L] L] L]
a 2.0 minVectorLength minimal length of any lattice wvector Only for varlable-composrtlon calculatlonS!

%

%FD:‘Eistanaes - -

2% o > varigble minVectorLength
¢C 0.0 0.8 Meaning: Sets the minimum length of a cell parameter of a newly generated structure.
i 4 % EndDistances

— Default: 1.8 x covalent diameter of the largest atom.
47 abinitioCode (which code from CommandExecutable shall be used for calculation?

48 1 1

49 ENDabinit

= 1 for VASP

51 % KresolStartc

52 0.15 0.12

53 % Kresolend

54

55 1 : numParallelCalcs (how many parallel caleculations shall ke performed)

56 O whichCluster (0: no—-job-script, 1: local submission, 2: remote submission)
57 0.010 : toleranceFing (tolerance for identical structures)

S8

59 0 pickUp¥N (if pickUp¥YN~=0 , then a previous calculation will ke picked

60 0 : pickUpGen (at which generation shall the previous calculation be picked

61 4] : pickUpFolder (number of the results folder to be used. If = 0 , then

62

683 % commandExecutable

64 vasp > output

65 % EndExecutable
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Bulk Si-C (example2 VASP 301)

Run the example:
* cd ~/workshop/<your directory>
e cp—r~/examples/example2 VASP 301/ .
* cd example2 VASP 301/
* bsub < USPEX VASP 301.job

Monitor log file, check if USPEX_IS_DONE file
appeared. Then cd to resultsl/ to view results.
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Bulk Si-C (example2 VASP 301)
Output files:

extendedConvexHull.pdf

y

041 -

0.2 -

01(_ N

Enthalpy of formation (eV/atom)

] / 7

03 ! ! \ \ \
0 01 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Composition ratio: C/(Si+C)

‘\\\‘ Stony Brook University 11/07/2014 | Tutorial 8: Introduction to USPEX | Maksim Rakitin 29



Bulk Si-C (example2 VASP 301)
Output files:

convex_hull — gives all thermodynamically stable compositions, and their enthalpies (per atom)
extended_convex_hull, extended_convex_hull_POSCARS - all unique low-energy
compositions and structures

Your structures
may be different!
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Examples for today:

Bulk Mg,Al;O,, (fixed composition, calculationType=300, GULP)

Bulk Si-C (variable composition, calculationType=301, VASP)

O, @ Si (100) (fixed composition, calculationType=200, VASP)

* C,3 nanoparticles (fixed composition, calculationType=000, VASP)
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O, @ Si (100) (example3_VASP_200)
INPUT.txt:

_"|_ A AR A R A AR A A AR AR A A A AR AR A AR RA AR EAARREERE
2 * TYPE OF RUN AND SYSTEM ®
3 R AR A AR R R A AR AR R R A AR AR R A AR AR A RERARRER
4 R AR A AR R R A AR AR R R A AR AR R A AR AR A RERARRER
5 TUSPEX : calculationMethod (USPEX, WCNEE, META)
& 200 : calculationType (dimension: 0-3; molecule: 0/1; warcomp: 0/1)
7T 1 optType (l=enthalpy, 2Z=volume, 3=hardness, 4=struc order, 5S=aver dist)
g |2.0 : thicknessS| (thickness of surface region, 2 A by default)
g |3.0 : thicknessEBE| (thickness of buffer region in substrate, 3 A by default)
10 1 reconstruct (only used in surface) . Vacuum Iayer
11
12 % vacuumSize
13 |5
14 1% endVacuumSize
15
16 3% atomType 11 Appendix: List of plane groups
osio o Add layer
8 Tou
1 % EnditomType ; gmggé - Free pa rt
158 3 Group pm
20 % numSpecies : Sﬁﬁ}jﬁg
e [ Grou T
2L 0z 7 Gmugxg
22 % EndNumSpecies g Eﬁﬁﬁﬁfm
= |

roup pdm
24 ¥ symmetries ig gm‘m$§ Su bStrate |ayer
25 2-17 14 G::Epﬁml
28 % endSymmetries i; Emgggm
37 ¥ roup pbm .
. — Fixed part
29 R R R R AR R R AR AR AR AR AR R A AR AR A A AR ARERARAARRR
30 2+ POPULATION *
31 R AR A AR R R A AR AR R R A AR AR R A AR AR A RERARRER
32 ] : populationSize (how many individuals per ° °
S & : initialPopSize
34 4 : numEFenerations (how many generations shal
35 4 stoplCritc
36 1 AutoFrac

vAy '

‘\\\‘ Stony Brook University 11/07/2014 | Tutorial 8: Introduction to USPEX | Maksim Rakitin 32 YooY Oganov 5

COMPUTATIONAL MATERIALS DISCOVERY LABORATORY



O, @ Si (100) (example3_VASP_200)

Run the example:
* cd ~/workshop/<your directory>
e cp—r ~/examples/example3 VASP_ 200/ .
* cd example3 VASP_ 200/
* nohup ./uspex_ VASP 200.sh > out 2>&1 &

Monitor log file, check if USPEX_IS_DONE file
appeared. Then cd to resultsl/ to view results.
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O, @ Si (100) (example3_VASP_200)
Output files:

_________________________________

gy g g It SRl g

Your structures
may be different!

_______________________________
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Examples for today:

Bulk Mg,Al;O,, (fixed composition, calculationType=300, GULP)

Bulk Si-C (variable composition, calculationType=301, VASP)

O, @ Si (100) (fixed composition, calculationType=200, VASP)

* C,3 hanoparticles (fixed composition, calculationType=000, VASP)
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L T S T = TR I B, S 0, BT - FU R =)

WOk DM =] o b

B R D W -] o fN

1 m n

C,; hanoparticles (example4_VASP_000)
INPUT.txt:

PEREMETERS EVOLUTIONARY ALGORITHM

e R
R R EEEEEEEERRRR R R R R R R RRR R
* TYPE OF RUN AND SYSTEM *
R R EEEEEEEERRRR R R R R R R RRR R

R R R R R R R R R R R R R R AR R R AR R R R R R R R R R

USPEX calculationMethod (USPEX, VCNEB, META)
o000 calculationType (dimension: 0-3; molecule: 0/1; varcomp:
1 : optType (optimise by: l=enthalpy, 2=volume, 3=hardness,

% vacuumSize

5

% endVacuumSize

% What symmetry(=s) have to be satisfied by the randomly created

% symmetries

E C2 D2 C4 C3 Ce& T 52 Chl Cv2 54 56 Ch3 Th Ch2 Dh2 Ch4 D3 Che ©

% endSymmetries

EEETETEETETEERERERES 64

% Here come the atomic numbers of the atoms involved -

2 atomType 66

% EndiAtomType 67
68

% numbers of species (ions/molecules/blocks) of each type =1

% numSpecies 0

13 .

% EndMNumSpecies L

0/1)

4=struc_order, 5=aver dist, &=mag moment)

structures

D4 Cv3 D6 Td Cv4 Dd3 Cvé Onh Dd2 Dh3 Dh4 Dhé Oh C5 55 510 Cw5 Ch& D5 DdS Dhi I Ih

AR R A A A R R R R R A A AR AR AR AR AR AR AR ERERR

= CELL =

R A AR AR AR R R AR

% The following is what yvou know about the lattice. If wou know the lattice

% wectors, type them in as 3x3 matrix. If not, type the estimated wvolume.

% For wvariakble composition — type the estimated atomic wolume for each element.
% Latticewvalues (this word MUST stay here, type wvalues below)
200

% Endwalues (this word MUST stay here)

R R R R R R R R R R R R R R AR R R AR R R R R R R R R R

= POFULATICH *

R R R R R R R R R R R R R R AR R R AR R R R R R R R R R

5 : populationSize (how many individuals per generation)

5 initialPopSize

4 : numGenerations (how many generations shall be calculated)
4 stoplCrit
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C,; hanoparticles (example4_VASP_000)

Run the example:
* cd ~/workshop/<your directory>
e cp—r ~/examples/example4 VASP 000/ .
* cd example4 VASP_000/
* nohup ./uspex_ VASP_000.sh > out 2>&1 &

Monitor log file, check if USPEX_IS_DONE file
appeared. Then cd to resultsl/ to view results.
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C,; hanoparticles (exampled4_VASP_000)
Results:
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